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As one example of the use of the term "synthetic oligonucleotide" in the art, The 
LMjU^nin rn-rlT-"' " fg ^» »■ (McGraw-Hill, 1997, volume 12, page 

358) states in an article about oligonucleotides: 

deoxyribooligonucleotides and ribooligonucleotides of defined sequence 
can be obtained by using restriction endonucleases and nbonucleases 
respectively. Chemical ** ***** <rf oligonucleotides is, however, the 
preferred procedure for preparing a deoxyribooligonucleotide or 
^oligonucleotide of denned sequence. The sequence is usually 
completed on silica gel or glass, where the first nucleotide is joined 
covalently to these inorganic matrices. Additional nucleotides are 
chemically added sequentially to the first in order to form the 
oligonucleotide of defined sequence. The synthetic oligonucleotide is 
removed from the support, purified, and used for various biochemical 
experiments, (emphasis added) 

This reference clearly distinguishes between oligonucleotides formed enzymatically and those 
formed by chemical synthesis, and refers to the latter as "synthetic oligonucleotides." 

As another example of the use of the term "synthetic oligonucleotide" in the art, the 
textbook Molecular Bioloov of the Cell. Third Edition (Garland Publishing, 1994, page 305) 
states: 

[a]t the same time that microbiologists were developing DNA cloning 
techniques, organic chemists were improving the methods for synthesizing 
«W DNA chains. T^y, mv -h gynthatic DNA oligonucleotides are 
routinely produced by machines that can automatically synthesize any DNA 
sequence up to 120 nucleotides long overnight, (emphasis added) 

Hence, the latter reference also identifies "synthetic oligonucleotides" as oligonucleotides 
| prepared by chemical synthesis. Copies of the relevant portions of these two references are 
I included with this response as Attachment A and Attachment B. 

In contrast, in a section of the Office Action entitled "Response to Arguments" (page 
i 4) the Examiner constructed a definition of "synthetic oligonucleotide" from a definition of 
"synthetic" found in the Academic Pr e ss Dictionary nf Science and Technology. The 
definition cited by the Examiner defines synthetic to mean "any product or item that is the 
] result of human technology rather than something that exists in nature." Based on this 
I definition, the Examiner concluded that 

[t]he labeled cDNA and the labeled genomic DNA of Lashkari are products 
that result from human technology and do not exist in nature.... Therefore, 
the labeled cDNA and the labeled genomic DNA are encompassed by the 
claimed "synthetic oligonucleotides." 
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Applicant respectfully submiis that the Examiner has misconstrued the term "synthetic 
oligonucleotide." As demonstrated above, "synthetic oligonucleotide" has a clear meaning to 
one of ordinary skill in the art. Hence, it is unnecessary and inappropriate to construct a 
definition for "synthetic oligonucleotide" by juxtaposing a definition of "synthetic" with an 
(implicit) definition of "oligonucleotide" as the Examiner has done. 

Moreover, even the dictionary cited by the Examiner supports Applicant's construction 
of "synthetic oligonucleotide." The dictionary cited by the Examiner provides three 
definitions of "synthetic." The Examiner selected the definition indicated by the dictionary to 
be appropriate for engineering. The same dictionary provides an alternate definition of 
"synthetic" that it indicates is appropriate for chemistry: "relating to compounds formed 
artificially by chemical synthesis." Since oligonucleotides are chemical compounds, the latter 
definition is the appropriate definition. Using the latter definition, "synthetic 
oligonucleotides" as recited in Claim 1 axe oligonucleotides "formed artificially by chemical 

synthesis." 

The Examiner asserts in paragraph 3 of the Office Action that Lashkari et al. discloses 
"hybridizing the microarray with a mixture of labeled synthetic oligonucleotides" at page 
13058, left column, second paragraph. The cited and adjacent portions of Lashkari et al. 
disclose hybridizing an array with cDNA or with genomic DNA. One of ordinary skill in the 
art would recognize that cDNA and genomic DNA are prepared by enzymatic methods, rather 
than by chemical synthesis. For example, the paragraph of Lashkari et al. cited by the 
Examiner describes preparation of genomic DNA using Idenow enzyme. Hence, as 
demonstrated above, one of ordinary skill in the art would not regard cDNA and genomic 
DNA as "synthetic oligonucleotides." 

The "synthetic oligonucleotides" recited in Claim 1 are also distinguishable from 
cDNA and genomic DNA by molecular size. One of ordinary skill in the art would recognize 
that the term "oligonucleotide" typically refers to a polymer containing less than about 1 00 
nucleotides. For example, the encyclopedia article included as Attachment A and cited above 
states on page 357 that "[fragments containing up to 50 nucleotides are generally termed 
oligonucleotides...." In contrast, one of ordinary skill in the art would recogmze that cDNA 
and genomic DNA materials typically contain 100 to 5000 nucleotides. Hence, such cDNA 
and genomic DNA materials are not properly described as oligonucleotides, much less as 
"synthetic oligonucleotides." 
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Fox the above reasons, Claim 1 is patentable over Lashkari et al. Claims 8, 9, 12, 14, 

17, 18,21 and24, directly or indirectly dependent on Claim 1, are patentable over Lashkari et 

| al for at least the reasons for which Claim 1 is patentable over Lashkari et al. 

Claims 1, 5, 8, 11, 12, 14, 17, 18, 21, 24, and26 are rejected under 35 U.S.C. §l02(b) 

„ anticipated by or, in the alternative, under 35 U.S.C. §103(a) as obvious over Brown et al. 

(U.S. Patent No. 5,807,522). Applicant respectfully traverses this rejection. 

The Examiner states in paragraph 5 of the Office Action that Brown et al. discloses 

hybridizing roe microarray with a mixture of labeled synthetic 
oligonucleotide i.e. cloned DNA fragments wherein the mixture comprises 
oligonucleotides complementary to the genomic segments.... 

The passage in Brown cited by the Examiner to support his statement reads in part: 

fal mixture of the labeled cDNAs from the two cell types is added to an 
array of polynucleotides representing a plurality of known genes derived 
from the two celHypes, under conditions that result in hybridization of the 
r.DNAs to complementary-sequ ence polynucleotides in the array, (column 
4, line 60 to column 5, line 8, emphasis added) 

As demonstrated above, cDNAs as disclosed by Brown et al. are distinguishable from the 
"synthetic oligonucleotides" recited in Claim 1 . Hence the disclosure of Brown et al. does not 
anticipate Claim 1. 

The obviousness rejection of Claim 1 over Brown et al. was directed to the portion of 
Claim 1 which recites "amplifying a plurality of genomic segments" rather than to the portion 
which recites "hybridizing the microarray wiih a mixture of labeled synthetic 
oligonucleotides—" Since Brown et al. does not teach or suggest "hybridizing the microarray 
with a mixture of labeled synthetic oligonucleotides," the Examiner has not met the ■ 
requirements of a prima facie case of obviousness as set forth, for example, in the MPEP 
§2142. 

For the above reasons, Claim 1 is patentable over Brown et al. Claims 5, 8, 11, 12, 14, 
17, 18, 21, and 24, directly or indirectly dependent on Claim 1, are patentable over Brown et 
al- for at least the reasons for which Claim 1 is patentable over Brown et al. 

Independent Claim 26 also recites "hybridizing the microarray with a mixture of 
labeled synthetic oligonucleotides...." Hence Claim 26 is patentable over Brown et al. for at 
least the reasons for which Claim 1 is patentable over Brown et al. 

Claims 3, 4, 6, 7, 9, and 10 are rejected under 35 U.S.C. §103(a) as obvious over 
Brown et al. This rejection is respectfully traversed. Claims 3, 4, 6, 7, 9, and 10, directly or 
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indirectly dependent on Claim 1 , are patentable over Brown etal. for at least the reasons for 
which Claim 1 is patentable over Brown et al. 

Claims 13 15, 16, and 25 are rejected under 35 U.S.C. §l03(a) as obvious over Brown 
etal inviewofWangetal. This rejection is also respectfully traversed. Wang et al. does not 
remedy the defects of Brown et al. with respect to Claim 1 . Consequently, Claun 1 is 
potable over Brown et al. in view of Wang et al. Claims 13. 15, 16, and 25, directly or 
indirectly dependent on Claim 1, are patentable over Brown et al. in view of Wang et al. for at 
least the reasons for which Claim 1 is patentable over this combination. 

Claims 19-20 and 22-23 are rejected under 35 U.S.C §l03(a) as obvious over Brown 
etalinviewofFodoretal. This rejection is respectfully traversed. Fodor et al. does not 
remedy the defects of Brown et al. with respect to Claim 1 . Hence, Claim 1 is patentable over 
Brown et al. in view of Fodor et al.' Claims 19-20 and 22-23, directly or indirectly dependent 
on Claim 1, are patentable over Brown et al. in view of Fodor et al. for at least the reasons for 
which Claim 1 is patentable over this combination. 

For the above reasons, Applicant respectfully requests reconsideration and allowance 
of Claims 1 and 3-26. Should the Examiner have any questions concerning this response, the 
Examiner is invited to call the undersigned at (408) 453-9200. 
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Respectfully submitted, 

MarkE. Schmidt, Ph.D. 
Agent for Applicants 
Reg. No. 47,063 
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Oligonucleotide 357 



unification. The Oligochaem tove been con- 
d with che Polychaeta as -an order of the 
opoda, and with the Hirudinea as an order 
: Cliteliaia. The nature of the reproductive 
jm and Che absence of parapodia sharply set 
oUgodiaetes apart from the polychaeteS. The 
dinea are much closer to the aligochactes but 
unite a homogeneous group long considered a 
rate class. The Oligochaeta therefore are u$u- 
treated as a class of the phylum Annelida, co- 
nnate in rank with ihe Pplychaew and Hirudinea 
.previously proposed by G. Pickford. Foilow- 
5>tichaelsen, there are four orders of the class: 
i pleSiopora plesiotheCa, micronephridiostomal, 
ile pores on the segment Following the testes, 
I spermathecae in the region of the genital ieg- 
Ll s ; (2) Plcsiopora prosotheca, as for the first 
^'except che spemiatlieca arc a number of seg- 
? in front of the genital segments; <3) Proso- 
, raesonephridiosiomal, male pores in the seg- 
l of the posterior testes; and (4) Opisthopora,^ 
& atiephridiostomal ( male pores opening posteri- 
}. to last testicular segment. Holt has removed 
JBranchiobdcllidae from the Oligochacta and 
posed that die Oligochaeta, Branchiobdellida, 
bthobdellida, and Hirudinea be considered or- 

f the class CUtellata. 
_t the oligochactes are descended from 
ae polychaetclike ancestors seems certain, but 
is no agreement as to the relationships 

lies within the class. MicMelsen regarded 

SAcoJosacidae as primitive; Stephenson, me 
briculidae; no definite solution to this question 
i reached, See anneuda. Percy C Holt 
ibliography. P. P. Grasse. Traite de Zoology 
' 5, 1959; M. S. laverack, 1b$ Physiology of 
\bwOrms, 1963; W. Michaclsen, Oligochaeta, in 
jKu and T. Krumbach, Handbuch der Zoologie, 
[2, 1928-193G; S. P. Parker (ed,), Synopsis and 
fixation of Living Organisms, 2 vols., 1982; 
tephenson, The OHgocbaeta, 1930\ 



jociase 

jioclase feldspar wich composition in the 
jfe Ab^Anio to AbToAnso. where & represents 
^composition of albice, NaAlSijQa, and An repre- 
} the composition of anOrthite, CaAkSiiQn, The 
Qosdc properties are hardness on Mohs scale, 
Bj density, 2.65 g/cm*; two good cleavages that 
" ect at approximately 90°; and color usually 
f or colorless, transparent to translucent The 
nee of minute, mutually parallel inclusions of 
tire (Fe 2 Oj) causes a golden play of color in 
^Variety of oligoclase called aventurine or sun- 
. Repeated twinning is common and results in 
spaced striations visible with a hand-held 

aifier. Mean refraaivc index is i.545i the min- 
IJkriay be optically positive or negative, depend- 
i composition. Oligoclase is triclinic. The mbv 
Sis common in both plutonie and volcanic silicic 



igneous rocks, a* well as in quart2ofeldspaihic and 
pelitic mctamorphic rocks. See ALBTTE; ANORTHITE; 
CRYSTAL STRUCTURE- 

Like all feldspars, oligoclase is a tectosilicatc. 
Each aluminum (Al) and each silicon (SO atom Is 
surrounded by four oxygen atoms that form a tetra- 
hedron around it; each tetrahedron shares the four 
oxygen atoms at its corners with four other tetra- 
hedra, forming a three-dimensional atomic frame- 
work containing open voids that accommodate the 
sodium-calcium (Na,Ca) atoms- At the highest tem- 
peratures typical of igneous processes, the Al and 
Si atoms are statistically disordered among the sym- 
metrically distinct temhedra. As cooling proceeds, 
Al and Si order preferentially into symmetrically dif- 
ferent tetrahedra. If the composition is more Ab-rich 
than about Ab H ?An j7 , then evolution or spinodal 
decomposition to an imergrowth of Al^^AnittO 
and completely ordered Abp^iAniii also occurs. 
The more calcic lamellae of this so-called pcris- 
teritc imcrgrowth are e-plagiodase, consisting of 
alternating nanometer-scale lamellar domains of al- 
bftclike and anorthitelike structure. OUgoclases with 
. bulk compositions more calcic than Ab^AA^ do 
not fprm peristerite intergrowths, but they nonethe- 
less develop into e-plagioclases upon cooling. See 
FELDSPAR; IGNEOUS ROCKS; METAMORPHIC ROCKS. 

Dana T. Griffen 

Bibliography. W. a. Deer, R. A. Ho^ie, and 
J. Zussman, An introduction to the Rock-Forming 
Minerals, 2d ed., 1992; D. T, Griffen, Silicate Crystal 
Chemistry, 1992; J. V, Smith and \C. L Brown, 
Feldspar Mineral 2d ed., 1988. 



Oligonucleotide 

A deoxyribonucleic acid (DNA) or ribonucleic acid 
CRN A) sequence composed of two or more cova- 
lently linked nucleotides, Oligonucleotides are clas- 
sified as deoxyribooligonucleotidcs or ribooligonu- 
deotides. Fragments containing up to 50 nu- 
cleotides are generalLy termed oligonucleotides, 
and longer fragments are called polynucleotides. 
See DEOXYRIBONUCLEIC ACID (DNA); RIBONUCLEIC 
ACID (RNa). 

Composition* A nucleotide is composed of a 
purine or pyrimidine base, a 5-carbon sugar, and a 
phosphate group. A deoyribooligonudeotide con- 
sists of a S-carbon Sugar called deoxyribose joined 
covalently to phosphate at the 5' and 3' carbons 
of this sugar to form an alternating, unbranched 
polymer (see ilhssO- A purine or pyrimidine base 
is linked through one of its nitrogens by an JV- 
glycosidic bond to the 1' carbon of deoxyribosc. 
The four bases found in a deoxyribooUgonucleocide 
are guanine, cytosine, adenine, and thymine. A 
ribooligonudcotide consists of a similar repeat- 
ing structure where the 5-carbon sugar is ritwe. 
The four bases found in a nbooligonudeoude are 
guanine, cytosinc, adenine, and uracil. Hie se- 
quence or ordering of these bases determines the 



Receivedfrom < 4084537979 > at 1213101 1:01:16 PM [Eastern Standard Time] 



Dec-03-01 09:55am From-SKJERVEN MORRIL MACPHERSON 



4084537979 



T-401 P. 012/015 F-684 



358 Oligonucleotide 



( 



— * 






The backbone structure of oligonucleotides as the sodium salt; actual oligonucleotides ere 20-50 bases In lenoth. 
bo thymine, uracil, cytokine, guanine, or adenine. 



biological function of the deoxyribooHgonucleotide 
or ribooligonucleotide. 

Preparation. Oligonucleotides can be derived 
from high-moiecular-weight DNA and RNA by acid, 
base, or enzyrnic hydrolysis. Enzymic hydrolysis is 
most useful, since deoxyribooJlgonudeocidcs and 
ribooligonucleotidcs of defined sequence can be 
obtained by using restriction endonucle^scs and 
ribonucleases, respectively. These enzymes rec- 
ognize certain DNA or RNA sequences and hy- 
drolyzc the phosphate-sugar ester bonds, thereby 
freeing particular oligonucleotides from the polynu- 
cleotides. Chemical synthesis of oligonucleotides is, 
however, the preferred procedure for preparing a 
deoxyribooligonudeotide or ribooligonucleotide of 
defined sequence. The sequence j s usually com- 
pleted on silica gel or glass, where the first nu- 
cleotide is joined covalently to these inorganic ma- 
trices. Additional nucleotides are chemically added 
sequentially to the first in order to form the 
oligonucleotide of defined sequence. The synthetic 
oligonucleotide is removed from the support, puri- 
fied, and used for various biochemical experiments. 



See restriction enzyme. 

Uses, Oligonucleotides having biological actrS 
in living organisms are primarily consuiue 
of high-moiecular-weight DNA or RNA. 
indude sequences 2-50 nucleotides in length i 
are recognised by repressors, activator prore 
polymerases, repair enzymes, and the translatiS 
machinery of the cell. There are. however* cen 
oligonucleotides which are not constituents of 
molecular-weight DNA or RNA but which 
also important to the cell, For example, 
oligonucleotides of RNA O0-2O nucleotides^ 
length) are essential for priming the replications 
DNA. This replication process also generates f 
segments called Okazaki fragments which 
50-1000 nucleotides and are sometimes con 
deoxyoligonudeotides. These Okazaki ftt 
are then joined to form higl>molecular-i 
DNA. A ribooligonudeotide called (2-5 
{where n extends from \ to about 153 is prxxhifl 
in cells in response to interferon induction ! 
appears to be a media ror of interferon antiyj 
action. This ribooligonucleotide contains H ; 
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hate diestcr bonds rather than the normal 3' 
■/ linkages, unci has only adenine as the bus*, 
ijiNE ACTION. 

iem idily synthesized oligonucleotides oi pre- 
rtpineci sequence have proven to he very use- 
fof studying a large number of biochemical 
sses. in the 1960s, these compounds were 
co decipher the genetic cade. Uter, chemi- 
prepared deox-yoligonucleotides were joined 
>rm s eneS for ^nsfcr RNA5. Gene synthesis 
m synthetic deoxyoligonudeotides us now rou- 
l\ v used to prepare genes and modified gene* 
ijproteins having potential clinical applications. 
"J ^nucleotides hove also been used to diagnose 
; eC ic disorders and bacterial or viral infections- 
GENE' GENETIC COD?; GENETIC ENGINEERING; 

lC ^ aDi Marvin H. Carnrthers 

Ifcliography. Z. £strov, R. Kurzrock, and M. 
jsz, interferons; Basic Principles and Clinical 
'ihauions, 1993; K. nakura-ei al., Synthesis 
use of synthetic oligonucleotides, Annu. Rev. 
iem. f 53:323-356, 19S4; H. Q. Khorana, Total 
lesw'of a gene. Science, 203^14-^25,^1979; 
Khorana et al.. Polynucleotide synthesis and 
psaeric code, Cold Spring Harbor Symp- Quart. 
* 31,-39-49 t 1966; J. D. Watson, Molecular 
of the Cei\e, 4th ed., J9S7. 



portion of naturally occurring curtohydnues. Mo* 
carbohydrate* that occur in nature arc in die form ol 
monosaccharides (such as Wood sugar, or glucose), 
disaccharidtfs (such as table sugar, or .sucrose, and 
milk augur, or lactose), and polysaccharides (such 
as starch and glycogen, polyglucose molecules, or 
Chidn). See GLUCOSE-, LACTOSE; MONOSACCHARIDE; 
PO LYS ACCH A RlDH - 

Composition. The monosaccharides of multiple 
sugar units such as disaccharides, oligosaccharides, 
and polysaccharides are connected with each other 
dirough bonds called glycosidic linkages. Monosac- 
charides are generally classified as aldose (an alde- 
. hyde sugar) or kerose (a ketone sugar}. Chemically, 
these sugar molecules are found mainly as cyclic 
molecules, which are referred to as hcmiacetals, 
Cyclic hemiaccials exist as Eive>racmbercd rings 
(called fura noses) or six-membercd rings (called 
pyranoses). Soth classes of sugars are reducing sug- 
ars, meaning that the aldehyde or ketone group 
can become oxidized and in aim will reduce cer- 
tain compounds," Simple sugars CrrK>nosaccharideiO 
are linked primarily to other sugars and to other 
molecules through these reducing groups. For ex- 
ample, lactose CD has die structure of galactosyl- 



CH 2 0H 



Sgopygoida 

border of irregular echinoids in the superorder 
~ jnathostomata resembling clypeastcroids but 
k _ w j;g the accessory ambulacra I pores charac- 
|pc of that group. Oligopygoids have well- 
doped petals, and there arc characteristic small 
plates present below the petals. These derai- 
ls ^ wedge-shaped and usually do not reach 
pinner surface oF the test. Each has a simple 
"wUcral pore. The apical disk is monobasal 
_J the mouth oval and usually deeply sunken, 
JSgopygoids have a lantern, which closely resem- 
s that of clypcasteroids. and their lantern rpuscie- 
Echment structures are a mixture of ambulacra! 
linterambulacral processes, 
fherc are two genera, OligopyguS and tfaimea, 
jaraining about 25 species, all from die middle 
85- upper Eocene of the Caribbean and Gulf 
[exico regions. They were probably infaunal 
»sit feeders like present-day laganiids, See 
NQDERMATA; N EOGN ATH Q5TQMATA. 

Andrew B. Smith 

tonography, a, B. Smith, EcbinaidFataeobiQtogy, 



aosaccharide 

Jcarbohydrate molecule composed of 3-20 
gaosacclurides. Generally, free oligosaccharides 
gnot quantitatively constitute a significant pro- 




1,4-glucose, meaning tfcat carbon-1 of galactose is 
linked to carbon-4 of glucose. The proper name 
for this structure of lactose is 0-D-galactopyranosyl- 
Cl-4!)-a-D-glucopyranose. In ring structures, the 
aldehyde or ketone carbon is referred to as the 
anomeric carbon, and the cyclized aldose or kc- 
tose exists in one of two anomeric configurations 
designated as a or $. The complexity of oligosac- 
charide chemistry is appreciated when the possible 
combinations are considered in forming a disac- 
charide between galactose and glucose. 5ee Galac- 
tose. 

Carbon-1 of galactose can be linked to any of the 
hydroxyl groups of glucose, giving four possible 
disaccharides. Since carbon-1 of galactose exists 
as the anomeric carbon (a or /?), the number is 
multiplied by 2, so that there are eight possible 
structures based only on these assumptions. The 
number of possible isomeric oligosaccharides thai 
could exist for a trisaccharide composed of three 
different monosaccharides with the typical structure 
given in CI) is 1056. If the reducing group of one 
monosaccharide is linked to the reducing group of 
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;olnheritedby each progeny {linked). By screening large feinlly groups far the 
:oinheritanc© of a gene oT interest (such as one associated with a disease) and 
i large number of individual RFUs, a few RFLP markers can be ldentifled chat 
ire unambiguously coinherited with the gene (this requires the analysis of many 
ndividuals, as explained in Figure 7-16). DNA sequences thai surround the gene 
:an Thereby be located. Eventually the DNA corresponding to the gene itself can 
se found by techniques to be described later (see Figure 7-30). Many genes that 
:ause human diseases are being isolated in this way, allowing the proteins ihey 
encode to be analyzed in detail. 

It is claar from Figure 7-16 that the closer an RFLP marker Ls to the mutant 
gene of interest, the easier it Is to locate the gene unambiguously. To facilitate 
these and other studies, an inrensive effort is underway to prepare a high- reso- 
lution RFLP map of the human genome, with thousands of KFLP markers spaced 
an average of 10 5 nucleotide pairs apart. On average, two markers separated by 
this distance will be cotnherited by 99 of every 100 progeny- Such a map will make 
It relatively easy to use genetic linkage studies to locate a gene that has been 
identified only by the effect of a mutation in humans, allowing il to be mapped 
to one or a few large DNA clones in an ordered genomic DNA library. Isolation 
of the gene might then be accomplished relatively quickly. 

Synthetic DNA Molecules Facilitate the Prenatal Diagnosis 
of Genetic Diseases t2 

Ax the same time that microbiologists were developing DNA cloning techniques, 
organic chemists were improving the methods Far synthesizing short DNA chains. 
Today, such synthetic DNA oli^Qnudeandes are routinely produced by machines 
that can automatically synthesize any DNA sequence up to 120 nucleotides long 
overnight, This ability to produce DNA molecules of a desired sequence makes 
it possible to redesign genes at will, an important aspect of genetic engineering* 
as explained later Such synthetic oligonucleotides can also be used as labeled 
probes to detect corresponding genomic saquencea by DNA hybridisation. By 
varying The temperature at which Che hybridization reaction is run, it is possible 
to vary the stringency of the hybridization:, above a certain temperature, onlyper* 
fectly matched sequences will hybridize, and this can make it possible, for ex- 
ample, to detect a mutant gene in the prenatal diagnosis of generic disease. 

More Chan 3000 human genetic diseases axe attributable to single-gene de- 
fects. In most- of rhess the mutation is recessive: that is, it shows its effect only 
when an individual inherits two defective copies of the gene, one from each 
patent- One goal of modem medicine is to identify those fetuses that carry two 
copies of the defective gene long before birth so that the mother, if she wishes, 
can have the pregnancy terminated. In sickle-cdl anemia for example, the ex- 
act nucleotide change In the mutant gene is known (the sequence GAG is 
changed to GTG at a specific point in the DNA strand that codes for the p chain 
of hemoglobin), for prenatal diagnosis, two DNA oligonucleotides are synthe- 
sized one corresponding to the normal gene sequence in the region of the 

mutation and the other correBpoadirig to the mutant sequence. If the oligonucle- 
otides are fcept short (about 2Q nucleotides)! they can he hybridized with DNA at 
a temperature selected so that only the perfectly matched helix will be stable. 
Such oligonucleotides can thus be used as labeled probes to distinguish between 
the rwo forms of the gene by Southern blotting on DNA isolated from fetal cells 
collected by amniocentesis. A fetus carrying two copies of the mutant p-chain 
gene can be readily recognized because Its DNA will hybridize ortfy with the oli- 
gonucleotide that is complementary to the mutant DNA sequence- 

For many genetic abnormalities the exact nucleotide sequence change is not 
known. Far an increasing number of these, prenatal diagnosis is still possible by 
using Southern blotting to assay for specific variations in the human genome (the 
RFLPs in Figure 7-16) That are known to be doscry linked to the defective gene. 
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